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Introduction
In metal-hydride systems, hydrogenation causes remarkable changes in crystal structure, electric conductivity, optical property, and so on. In the case of La-metal with double hexagonal closed pack (dhcp) structure, the hydrogenation partially changes La-metal into fcc structured LaH x with increasing x, and then the fcc structure remains in the range of x≥2.0. It is well known that H atoms preferentially occupy tetrahedral sites (H t -site) of the fcc lattice in LaH x (x≤2.0) first and subsequently octahedral one (H o -site) in LaH x (x>2.0). La hydrides undergo a drastic drop of electric conductivity with increasing hydrogen content in the range of x>2.0 [1] ; a metal-insulator transition eventually occurs at x≈2.8 accompanied with a remarkable enhancement of the optical transparency [1, 2] . The drastic changes in the electric and optical properties have attracted great interest in the hydrogeninduced modification in the electronic structure of LaH x . According to the electronic band calculations [3, 4] , it has been explained that H atom captures an electron from La and forms a two-electron singlet states as an anion H -, resulting in a gap at the Fermi energy (E F ) for LaH 3 [3, 4] . Heat capacity measurement experimentally demonstrated that density of states (DOS) at E F gradually decreases with increasing x from 1.9 to 3.0 [5, 6] . Since DOS at E F mainly consists of La d orbitals, La d-H s hybridization and charge transfer between La d and H s orbitals are important issues to understand the transition. In order to study these phenomena experimentally, X-ray absorption spectroscopy is a useful technique because of its element-and orbital selectivity. Here, we present a study on the electronic states in metallic LaH x (x=0, 2.0, 2.3, 2.6) probed by X-ray absorption near edge structure (XANES) at the La L 1,2,3 -edges. XANES spectra allow us to probe the electronic states of La 5d and 6p orbitals around E F . The series of the samples may distinguish modification of the electronic structure due to the different hydrogen sites, i.e., H t and H o .
Experimental procedure
Powdered LaH 2.3 sample was synthesized by hydrogenation under 773 K and hydrogen gas pressure of 0.5 MPa. The other samples were purchased from Goodfellow Co. Ltd. and Kojundo Chemical Lab. Co. Ltd. Since the lattice constant of metallic LaH x linearly decreases with increasing x [7] , hydrogen content x was estimated from the lattice constant measured by X-ray powder diffraction. There was no impurity phase in the sample.
The XANES measurement was carried out at SPring-8 BL39XU using transmission geometry. Since La-metal and La hydrides are easily oxidized, the sample was sealed with an Ar atmosphere during the measurements. From a reproducibility of XANES profile, we confirmed that the sample was not oxidized. Figure 1 shows XANES spectra of LaH x at the La L 2 -and L 3 -edges. Each spectrum was normalized at the profile at higher energy side on the basis of the conventional procedure. La hydrides show a narrow profile of white-line (WL) compared with that of La-metal. The hydrogenation, x=02.0, enhances the intensity of WL at the L 2 -edge. On the other hand, the WL at the L 3 -edge becomes sharper but the peak intensity is almost unchanged. In the range of x=2.0-2.6, the WL steeply increases, which is observed at both the edges. On the higher energy side, a small change in the oscillatory profile may be due to the structural transition from dhcp to fcc. To provide quantitative information about the La 5d states, the WL profile was extracted by subtracting an arctangent background from the XANES spectrum. For this procedure, the core-hole lifetime broadening of the L 3 -and L 2 -edges was set to be 3.41 eV and 3.68 eV, respectively [9] . Integrated intensity of WL (I WL ) at L 2 -, L 3 -edges, and the sum of them are shown in Figure 2 . The sum of I WL is proportional to a number of La 5d holes [8] . The steep increase in the sum of I WL with x=2.02.6 indicates that the occupation of H o significantly induces La 5d hole. In the range of x=0.0-2.0, on the other hand, the sum of I WL exhibits a slight positive slope, indicating that the increase in the La 5d hole due to the occupation of H t is small compared with that due to H o . This result is attributed to the opposite trend of I WL at L 2 -and L 3 -edges; the remarkable increase in I WL at L 2 -edge indicates that the occupation of H t site preferentially induces the La 5d holes with J=3/2 symmetry if we assume a dipole transition 2p 1/2 5d 3/2 at the L 2 -edge. However, this enhancement is compensated by the decrease in I WL of the L 3 -edge where the dipole transition 2p 3/2 5d 5/2 dominantly occurs [8] . In this consideration, the interaction between photoelectron and core-hole is not taken into account. For a better understanding of the WL intensity, it should be discussed how the interaction influences the variation of I WL . It is noted that the absorption edge E 0 , determined from the inflection point of XANES spectrum, gradually shifts to a higher energy side with increasing x up to 2.6. However, the shift is small, +0.5 eV for L 3 -and +1.0 eV for L 2 -edge, so that LaH x remains metallic. This result is consistent with the metallic conductivity of LaH x (x<2.8) [1] . Furthermore, for the WL profile, full width of half maximum (FWHM) of WL is reduced with increasing x from 0 to 2.6. Therefore, the hydrogenation causes the band width of La 5d DOS to be narrower. These variations in La 5d states are strongly related to the decrease in DOS at the E F due to the hydrogenation [5, 6] . We consider that the modification leads to a gap at E F and gives rise to onset of the metal-insulator transition.
Results and Discussion
6.24 6.26 6.28 6.3 6.32 6.34 In order to investigate the effect of hydrogenation on the different orbital, we probed La 6p electronic state by XANES at the La L 1 -edge. Figure 3 shows XANES spectra at the La L 1 -edge. The spectral profile of La-metal is characterized by a shoulder structure "A" that is ascribed to the La p-orbital hybridized with the d-orbital of the neighboring La atoms [10] . As shown in Figure 3 , the shoulder A disappears at the hydrogenation x=2.0. Therefore, the occupation of H t site suppresses the p-d hybridization and effectively reduces La p DOS near E F . The collapse of the p-d hybridization would influence the La 5d states. We also observed that the structural transition from dhcp to fcc gives rise to the remarkable change in the oscillatory profile at the higher energy side. In contrast to the remarkable change of the shoulder structure A at x2.0, the spectral profile at x>2.0 is unchanged except for the intensity of crest "B"; the crest B is slightly raised at x=2.6. Therefore, the occupation of H o site leads to a small influence on the La 6p states. Although the hydrogenation modifies not only La 5d but also 6p electronic states, the occupation of H t site is more effective in the case of La 6p states. For the drastic fall in electric conductivity, it is considered that the effect of p states is probably weak compared with that of La d states.
Conclusion
We have investigated the effect of hydrogenation on La d and p electronic states in metallic LaH x (x≤2.6) by means of XANES at the La L-edges. The present results demonstrate that the modification in the electronic states occurs in both La 5d and 6p states. Major change in 6p state is observed due to the occupation of H t site, which weakens the p-d hybridization. On the other hand, the occupation of H o site dominantly increases La 5d holes. The increase in La 5d hole and reduction of FWHM for WL well correspond to the decrease in DOS due to the hydrogenation. It is considered that the modification in La d state mainly results in onset of the metal-insulator transition at x≈2.8.
